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Dietary supplements are often natural products consisting of complex mixtures of
variable composition, making it difficult to extend the toxicological evaluation results for
a single reference sample to similar products in the market. The NTP has begun to
assess the chemical and biological parameters needed to establish sufficient similarity
between natural products and GbE was selected as the first test article for this
program. We evaluated the hydrolyzed and unhydrolyzed chemical similarity of 31 GbE
samples procured from 17 suppliers using non-targeted HPLC-UV/ELSD. 25 GbE
chromatograms had 15 to > 20 peaks in 4 categories: terpene lactones (TL), flavonol
glycosides, flavonol aglycones (FA), and ginkgolic acids (GA); 6 samples yielded <
peak. Targeted analysis for 12 constituents was performed on all 31 GbEs. Targets - -
Included FA (quercetin, kaempferol, isorhamnetin), rutin, and TL (bilobalide, ginkgolides Flg ure 2 — Non'Targ eted AnalyS|S
A, B, C, and J) analyzed by HPLC-UV/ELSD, ginkgotoxin (GT) by HPLC-Fluorescence,
and GA I and Il by HPLC-MS/MS. Total TL was < 20.04% (w/w). In hydrolyzed samples, Sample Preparation for Non-Targeted Analysis
total FA was < 11.84%. FA were found in some unhydrolyzed samples indicating Hydrolyzed Sample Diluent: 80%:20% ethanol-water
potential adulteration. Individual TL and FA varied widely between samples. GA (< Jeeees TP e Jen e et Do Seno e e
0.14% I[; < 0.22% Il) was found in 23/31 samples. GT (< 0.01%) was found in 29/31 D %1.cm|tummtamemmm_ | |\
6-mL GbE sample aliquot —90°Cfor~1hr. 2. Dilute 5-mL GbE sample aliquot to 10-mL with methanol
Analyze

Sam pIeS ) Hydrolyzed \/ 3. Filter through 0.45 pm PTFE filter

. ] | GbE Sample (-~ 1.59g)
Differences between samples were related to the amounts of each constituent present | - Sonicate for ~ 15 min

. . . . ] |~ 15 mL dilution solvent
and the presence or absence of aglycones indicating potential adulteration. |
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Table 1 — Authentication Results

Analyze
Unhydrolyzed
Samples not characteristic of G. biloba Samples are characteristic of G. biloba
GbE Sample Reported Sample Type GbE Sample Reported Sample Type
B a.C kg rO U n d S_Ie_lmple GbE D Extract GbE L Extract
e
A PEyF;W Unhydrolyzed Hydrolyzed GbE E Extract GbE T Extract
: i ! ! i i e e GbE G Leaf Powder GbE U Extract
. S ted . . . . S d .
G_lnkgo biloba extract (GI?E) IS a constituent of many commercially ayallable h_erbal B PE. 10:1 | ferpene Lactones | ;ij‘ji%ﬁ, : Flavonol : inkgolc | Terpene Lactones | Fvonel E Flavonol ; " kol o Extract —— Extract
dietary supplements and is sold by a large number of vendors worldwide. GbE is an c PE. 4:1 '  Olyoosides £ AENCONES: pogy ged | Acds | Glycosides :Ag'yw“es ] | A | —_ —
ethanolic extract of Ginkgo biloba leaves with a complex composition. Approximately 5 S D Ginkgolide B! )  for RRT 5 : [ ) : T D - Authentication: |
0 . . . 0 = A Ginkgolide : : ; ; EK Extract Samples were run on silica gel 60, F254, HPTLC plates using two
30'35/0 Of the COﬂStltuentS Of GbE alre kﬂOWﬂ StandardIZEd eXtraCtS Contaln 24@ E PE. 24/6 Rutin Rutin : GbE N Extract systems. System 1 consisted of ethy| acetate: acetic acid: formic
flavonol glycosides, which upon hydrolysis consist primary of quercetin, kaempferol : : : : acid: water: ADC2 [10/1.1/1.1/2.6] @35-40% humidity. Samples
- 9 . 0 P 4 y - P y q - : P ’ F P.E. 24% GDE J TS A___[\\,\J\ HebEd T o GbE O Extract were run against reference standards of GbE (NIST SRM 3247),
and isorhamnetin; and 6% terpene lactones, which are primarily ginkgolides A, B, C, G R —— ® S GbE P Extract Genistein and a methanol solvent blank. TLC plates were visualized
and J, and bilobalide. In some GbE products pure flavonol aglycones are added to a GbE | e ot HOME GbE Q Extract at 254 nm. System 2 consisted of toluene: ethyl acetate: formic acid:
’ : : : it L Bl GbE H E : : : : HGbE H ADC2 [7/3/1] @35-40% humidity. Samples were run against
substandard extract to meet the 24/6 requirement, while others are mixtures of source | e : L E GbE R Extract reference standards of GbE (NISt SRM 3247), Genistein,
materials adjusted to give the appropriate 24/6 results. Commercially available GbE ] Extrac(™ e oee | - e GbE S Extract |§§rr;?mer:jenr_lt,hcr?;terrca?tg;b;ng raeargs:]t:inglEgaarlké;S'LnCmplates were
. . . < : : : : : . : visualized wi u u :
products in the US have levels of flavonol glycosides ranging from ~240 — 360 mg/g, S — PEE LS s MJ@ A b GbE W Extract (standardized capsule)
: - - S TR Y N : P : S ion:
terpene lactones from ~40 — 110 mg/g and ginkgolic acids from < 500 to ~90,000 ug/g*. . £PG 246 cee | g 5 ; : : : HOREE | & Sample Preparation: | | | o |
Th iabl " f GbE K it difficul d th | f h E : J ; oo | 2 A 0.3 g aliquot of each sample was diluted with 3 mL of 70% ethanol, sonicated and then heated at 70°C for 30 minutes.
g variable composition o | ma es It di IC.U t to extend the results ot research on > PE 4:1 GLED B : o Samples were analyzed using high-performance thin-layer chromatography (Table 4) by Alkemist Labs (Costa Mesa, CA).
a single reference sample to similar products in the market. The NTP has begun to : : : : :
) ) ] ) o g . N P.E. 24/6 GbE B
assess the chemical and biological parameters needed to establish sufficient similarity o Etract 246 e | e
for GbE dietary supplements as compared to an authentic reference standard, and > | Powder Extract - :
GbE was selected as the first case study for this program®. 5 NE— Bk : GhE U HGbE U SU mm ary an d CO N CI uS1ons
R Extract 24/6 . : 5 : : : : : : : ‘Untargeted and targeted analyses of 31 GbE samples were conducted and selected samples
> SUCH Sl \1 k ;\ J{ J | P were sent for HPTLC authentication analysis.
" " T Extract 24/6/5 | UL HE : : : : : : : : S oo . : :
Ob] ectives 0 NIST SRM M LNW o N : E GbE T Tg HobeT 2 *Non-targeted analysis identified eleven GbE samples with large peaks in the flavonol aglycone
B %»»w o w\ e PO GhE S HGBE S region before hydrolysis, and could be used to flag GbE N as suspect while passing GbE T.
‘Evaluate the use of non-targeted analysis to screen GbE samples from multiple V[ RIS e SR . RS NS W : en e . . | .
suppliers. Compare non-targeted results to results for a NIST standard reference W commewal ERR R B *Targeted analysis found that concentrations of marker compounds in each sample varied
maftgrial (.SRM) P 9 Capsule : GhE Q HObEQ | widely. Seven samples (A, B, C, F, G, H, and M) had concentrations above the limit of detection
' X Commercial cver | £ - rasee | 2 for only one or two of the twelve marker compounds. Targeted analysis found that the eleven
‘Use targeted analysis of 12 marker compounds to confirm the qualitative results from Tab'et_ abeo | £ | : : : : roveo | £ samples flagged in the non-targeted assay, had high concentrations of quercetin and/or
the non-targeted analysis. Compare targeted results to results for a NIST SRM. v Co%”gfgf'a' coen | © 4 A I W & T kaempferol prior to hydrolysis, suggesting that these samples may have been adulterated. In
«Authenticate 17 samples from 16 suppliers using HP-TLC (Alkemist). Compare Z Commercial GhE M : : : : : : HGHE M general targeted results showed that GbE samples making label claims about constituent
targeted results to results for a NIST SRM. Tablet e L HGBE L content typically had more terpene lactones than the label claim, while flavonol content was
: : 1 NTP Tested Lot ' ' ' '
*Compare NTP Tested lot to NIST SRM and commercially available GbE. e - e typically in agreement with label claims.
i : : : : GhE U B : : P Hobeu *Authentication performed on 17 samples showed that only 4 had characteristics of an extract
IF | NTPTestedlot | 75 % 5 5 % & &k R E derived from Ginkgo biloba leaf. Authentication was not performed on 6 of the 7 samples with <

Met h O d S * P.E. = purified extract; ™ trademark extract; ratios are extraction ratios; percentages refer to flavonol glycoside, terpene lactone content. 2 mal’kers present, the 4 tablet Samp|eS, or 2 Of the 3 I‘ep|icate NTP teSted IOt Samp|eS. If the 7
samples missing chromatographic markers of GbE are included with the 13 samples that failed

Non-Targeted LC/UV/ELSD* Analysis? authentication, 20 of 29 samples (70%) failed to meet requirements for authentic GbE samples.

«Samples were analyzed on a Shimadzu LC-2010C HT liquid chromatograph coupled to an ELSD (Altech
3300

.C0|u)mn; Performance RP-18-e (100 x 4.6 mm) Total Terpene Lactones Sample Preparation for Targeted Analysis _ _ _
Mobile phases: Isopropyl alcohol (A), tetrahydrofuran (B), and 0.1% formic acid in water (C) were used Sample Diluent for TL, FA, GT Analysis: 275-110-44 viviv ethanol- water 12N HC *The NTP tested lot showed no signs of adulteration in the untargeted or targeted assays and
with a flow rate of 1 mL/min and the following gradient: 5%A, 0%B, 95%C to 0%A, 13%B, 87%C in 15 Sample Diluent for GA Analysis: 150:60:24 viviv ethanol water- 12N HCI was not flagged by the authentication assay. Its flavonol content was somewhat higher than the
minutes, then to 0%A, 40%B, 60%C in 35 minutes, then to 0%A, 75%B, 25% C in 20 minutes, hold for 5 NIST SRM, but terpene lactone content was similar.

minutes, then to 5%A, 0%B, 95%C in one minute, hold for 9 minutes. Total run time was 85 minutes.

*Non-targeted analysis flagged as suspect the same samples as the authentication analysis,
with 11 of 13 samples found to be inauthentic also showing signs of potential adulteration.

Targeted LC/UV/ELSD* Analysis? [ TR T [ AAnee
-Samples were analyzed on a Shimadzu LC-2010C HT liquid chromatograph, coupled with an Altech | CPEsameie (100 ma) | esemeeom)
3300 ELSD (terpene lactones) or Shimadzu UV @267 nm (flavonol aglycones). \ " 30 mL diution salvent \ ~°mL diution solvent
*Column: Phenomenex Prodigy 5y ODS (3) 250 x 4.6 mm ID GbE Sample Referen ces
*Mobile phase: water:methanol, 90:10 (v:v) with 0.25% formic acid (A), and methanol with 0.25% formic |
. . . . . : 0 0 0 0 . ' ~ 5 min _ Sonicate for ~ 5 min . : : . :
gglcrln(ilsl)]tvevghtﬁefrl]om réajs/o% thTBL/riTr:mz?;]icrlui?eesfor:lgl\élw?(gr %?%?:&&535 f’é’nlt% /ci%,o/(t)f;\enggz /0682 ﬁpé ?n?rfj?elsn > Conl tn oo temperature > Cool 1o o temperature 1.Kressman, S., Miller, W.E., Blume, H.H. “Pharmaceutical quality of different Ginkgo biloba brands.”, J
: : , : ) ) ) Total Flavonol Aglycones | ! Pharm. and Pharmacol. (2002), 54(5), 661-669.

hold for 10 minutes, then to 85%A, 15%B in 2 minutes, hold 8 minutes. Total run time was 80 minutes.

Targeted LC/MS/MS Analysis*

«Samples were analyzed on a Shimadzu LC-20AD liquid chromatograph coupled with a ABSciex Tandem
Triple Quadrupole Mass Spectrometer run in negative turbo ionspray (—-TIS) mode. Transitions monitored
were 345 > 301 for ginkgolic acid I (15:1) and 373 > 329 for ginkgolic acid Il (17:1).

*Column: Phenomenex Prodigy 5u ODS (3) 250 x 4.6 mm ID.

*Mobile Phase: water:methanol, 900:100 (v:v) with 0.1% formic acid (A), and methanol with 0.1% formic
acid (B) with a flow rate of 1.0 mL/min and the following gradient: 85%A, 15%B, hold 5 minutes, then to
5%A, 95%B in 10 minutes, hold 20 minutes, then to 85%A, 15%B, in 0.1 minute, hold for 4.9 minutes.
Total run time was 40 minutes. GbE Sample
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*Samples were analyzed on a Shimadzu LC-2010C HT liquid chromatograph coupled to a Shimadzu RF- Ginkgolic Acids and Ginkgotoxin ! 00°Cfor~ 11 4’-O-Methylpyridoxine in Ginkgo biloba Leaves, Ginkgo Medications and Japanese Ginkgo Food.,: Planta
20AXS Spectrofluorometric detector with an excitation wavelength of 295 nm and an emission 0.25- 2. Cool to room temperature 1 00°Cfor~ 1 hr Med. (1996), 62, 548-551.
wavelength of 395 nm. _ : B Ginkgolic Acid C15 2 (ooltoroom femperaiure 6.NTP Technical Report: “Toxicology and Carcinogenesis Studies of Ginkgo biloba Extract in F344/N Rats
Column: Phenomenex Intersil/InertClone 3 p ODS-3, 100 A, 150 x 4.6 mm ID. g 020" ] Ginkgolic Acid C17 and B6C3F1/N Mice.” NTP TR 578, NIH Publication No. 13-5920, March 2013.
-Mobile Phase: 5 mM aqueous potassium phosphate, with 5 mM agueous sodium hexanesulfonate, pH §o.15- W Ginkgotoxin B i o o |
adjusted to 2.5 with phosphoric acid (A) and acetonitrile (B) with a flow rate of 1.0 mL/min and the 5 008 ° 2 Diltte to 10-mL with methanol. el
: : - : : : 0 3 Filter through 0.45 pm PTFE filter g 1a" 42 TS "
following gradient: 96%A, 4%B, hold 1 minute, then to 70%A, 30%B in 12 minutes, hold 7 minutes, then £ 0.06- _ _
to 96%A, 4%B, in 1 minute, hold for 4 minutes. Total run time was 25 minutes. 2 006 N | AcC kn OWI ed g ements o
*Evaporative Light Scattering detector ° 00z Analyze Analyze Anayze . . e g
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